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Primary human chorionic villi (CV) cells were reprogrammed by
transduction of retroviruses which express OCT4, SOX2, KLF4 and c-
MYC (Takahashi et al., 2007; Wolfrum et al., 2010). The CV-iPSCs ex-
press the pluripotency associated transcription factors OCT4, NANOG,
SOX2, and LIN28 and the cell surface markers SSEA-3, SSEA-4, TRA-l-
60, and TRA-1-81 (Fig. 1A). Pluripotency was further demonstratedrch and Regenerative Medicine,
225 Germany
(J. Adjaye).
. This is an open access article underin vitro by embryoid body-based differentiation to cell types representa-
tive of the three germ layers endoderm, mesoderm and ectoderm
(Fig. 1B) as well as in vivo by teratoma formation in immunodeﬁcient
mice (Fig. 1C). DNA ﬁngerprinting conﬁrmed the origin of the CV-iPS
cells (Fig. 1D). Genome analysis revealed a normal female karyotype
(Fig. 1E). The transcriptome proﬁle of the CV-derived iPSC line and the
human embryonic stem cell lines—H1 and H9 has a Pearson correlation
of 0.929 and 0.943 respectively (Fig. 1F).2. Materials and methods
2.1. Ethics statement:
CV cells were kindly provided by Prof. Dr. Rolf-Dieter Wegner and
PD Dr. Markus Stumm (Center for Prenatal Diagnostics and Human
Genetics) and Prof. Dr. Karl Sperling (Institute for Medical Genetics,
Charité).The utilization of these cells was approved by the Ethics
Commission of the Charité—Universitätsmedizin Berlin.3. Cell culture
Chorionic villi (CV) cells were cultured in Changmedium containing
15% embryonic stem cell-qualiﬁed FBS (ES-FBS). The induced pluripo-
tent stem cell (iPSC) line was cultured on Matrigel-coated plates with
mitotic inactivated mouse embryonic ﬁbroblast (MEF) cells and an
unconditioned medium (UM). UM consist of KnockOut DMEM (Gibco/
Life Technologies) supplemented with 20% Knock-Out Serum Replace-
ment (Gibco/Life Technologies), 0.1 mM non-essential amino acids
(Invitrogen/Life Technologies), 0.1 mM L-glutamine (Invitrogen/Life
Technologies), 0.1 mM—Mercaptoethanol (Sigma-Aldrich), 0.5%
penicillin and streptomycin and 8 ng/ml basic ﬁbroblast growth factor
(bFGF, Invitrogen/Life Technologies).the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Characterization of CV-derived iPSC line A) Immunoﬂuorescence-based detection of human pluripotent speciﬁc proteins OCT4, SOX2, NANOG, and LIN28 and surfacemarker SSEA-
3, SSEA-4, TRA-1-60 and TRA-1-81. DAPI stained the nucleus (blue). Scale bar: 100 μmAlexa Flour 594 (red), Alexa Fluor 488 (green). B) All three germ layers endoderm, mesoderm and
ectoderm were detected in vitro by formation of embryoid bodies. Immunocytochemistry was performed for endoderm protein α-FETOPROTEIN (AFP), mesoderm protein α-SMOOTH
MUSCLE ACTIN (α-SMA) and ectoderm protein βIII-TUBULIN. DAPI stained the nucleus (blue). Scale bar: 100 μm, Alexa Fluor 488 (green). C) Teratoma formation of E-iPSCs. left: endo-
derm, middle: mesoderm; right: ectoderm. D) Analysis of four Short tandem repeat (STR) loci as indicated conﬁrms the CV cells as origin of the derived CV-iPS1 and CV-iPS2 cell lines. In
contrast, the human embryonic stem cell line H1 showed DNA proﬁles distinguishable from the parental CV cells and the derived CV-iPS1 and CV-iPS2 cell lines. 100 bpMarker was used.
E) Presence of a female karyogram 46,XX. F) Dendrogram of CV, CV-derived iPSC line (iPS1 and iPS2) and hESC lines (H1 and H9).
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Primary human chorionic villi (CV) cells were reprogrammed by
classical retroviral transduction of the four Yamanaka-factors OCT4,
SOX2, KLF4 and c-MYC (Takahashi et al., 2007; Wolfrum et al., 2010).
CV cells at passage ﬁve were seeded in 6-well-plates at a density of
1 × 105 cells in 2 ml Changmedium per well. The next day, the trans-
duction was performed by adding a 1:1:1:1 mixture of 10 μl aliquots
containing similar titers of the four retroviral vectors into each well.
Infection rate was supported by supplementation of the medium
with 4 μg/ml of the cationic polymer hexadimethrine bromide
(Polybrene®)(Davis et al., 2004) and by centrifugation of the 6-
well plates at 2000 g for 99 min. After 24 h incubation, the viral
medium was removed and retroviral transduction was repeated
once more.
5. DNA ﬁngerprinting analysis
The target regions of genomic DNA were ampliﬁed by Polymerase
chain reaction (PCR). The PCR was carried out using a Thermocycler
type PTC100 (MJ Research Inc) for 35 cycles and each cycle contained
96 °C for 30 s, 56 °C for 30 s and 72 °C for 30 s. The following primer se-
quences (5′–3′) were used for DNA ﬁngerprinting: D7S796 forward
TTTTGGTATTGGCCATCCTA, reverse GAAAGGAACAGAGAGACAGGG;
D10S1214 forward ATTGCCCCAAAACTTTTTTG, reverse TTGAAGACCA
GTCTGGGAAG, D17S1290 forward GCAACAGAGCAAGACTGTC, reverse
GGAAACAGTTAAATGGCCAA and D21S2055 forward AACAGAACCAAT
AGGCTATCTATC and reverse TACAGTAAATCACTTGGTAGGAGA.
6. Embryoid body formation
For in vitro differentiation, CV-iPSCs were seeded on ultra-low
attachment dishes (Corning) and cultured in DMEM (Gibco/Life
Technologies). After 7 days, the ﬂoating EBs were transferred into
separate wells within a 12-well plate, previously coated with Gelatin
(0.8 ml/well), thus allowing attachment. After subsequent cultivation
in DMEMmedium for additional 14 days, the adherent growing randomdifferentiated cells were ﬁxed with paraformaldehyde ﬁxing buffer and
analyzed by immunocytochemistry for expression of lineage speciﬁc
markers.
7. Immunoﬂuorescence-based detection of proteins
Adherent growing cells were brieﬂy washed twice by rinsing the
wells with 1X PBS buffer and then ﬁxed with paraformaldehyde ﬁxing
buffer for 15 min at room temperature. After removal of PFA, the wells
were rinsed twicewith PBS. Subsequently, the cells were permeabilized
with 0.1% Triton X-100 in PBS for 1 h at room temperature. Thereafter,
primary antibodies were diluted at 1:200 in blocking buffer and either
incubated for 2 h at room temperature or overnight at 4 °C, followed
by 3 × 10 min washing with PBS. Primary antibodies were used as fol-
lows: OCT4 (Santa Cruz, #sc-5279), NANOG (R&D, #AF1997), SOX2
(Santa Cruz, #sc-17320) and LIN28 (Proteintech, #11724-1-AP). Anti-
bodies against SSEA-3, SSEA4, TRA-1-60 and TRA-1-81 of the hESC char-
acterization kit (Merck Millipore, #SCR004) were used. In addition,
antibodies were used against Smooth-Muscle-Actin (SMA) (Dako,
#M0851), α-Fetoprotein (AFP) (Sigma, #WH0000174M1) and β-
TubulinIII (TUJ1) (Sigma, #T8660). Then, appropriate ﬂuorescence-
labeled secondary antibodies were diluted at 1:300 in blocking buffer
and applied under the same conditions while protected from light.
After washing 3 × 10 min with PBS, the nuclei were counterstained
with DAPI (Invitrogen, #H3570) staining solution for 3 min at room
temperature. After removal of DAPI, the wells were rinsed twice with
PBS. The ﬂuorescence-stained cells were then analyzed.
8. Teratoma formation
For in vivo differentiation, iPSC colonieswere grown on feeder layers
of mitotically inactivated Mouse embryonic ﬁbroblasts (MEFs) and
dissociated into single cells by trypsinization. After repeated washing/
centrifugation steps with DPBS (3×), cell pellets consisting of approxi-
mately 1–2 × 106 cells were resuspended in 50 μl DPBS and instantly
mixed at a ratio of 1:2 with Matrigel. The 100 μl mixtures were at
once subcutaneously injected into the right latus of the abdomen of
699B. Lichtner et al. / Stem Cell Research 15 (2015) 697–699immunodeﬁcient NOD.Cg-Prkdcscid Il2rgtm1Wjl/Szj mice, commonly
known as NOD scid gamma (NSG)mice. Once the developed teratomas
had reached a critical volume of N1 cm3 in relation to the average body
weight of the mice (≈22 g), the mice were sacriﬁced. The teratomas
were collected and processed using standard procedures for parafﬁn
embedding, then hematoxylin and eosin staining. Histological analysis
was performed by a pathologist.
9. Karyotype analysis
Cytogenetic GTG-banding chromosome analysis of feeder-free
iPSC cells was performed by the human geneticist Prof. Dr. Gundula
Thiel (Praxis für Humangenetik, Friedrichstraße 147, 10117 Berlin;
http://www.humangenetik-berlin.de). Of each sample, 18metaphases
were counted and 10 karyograms were analyzed.
10. Microarray-based transcriptome analysis
Total RNA was isolated for each sample. For global gene expression
analysis on an Illumina microarray platform quality-checked total RNA
was used. 500 ng RNA for each sample was used. The cRNA synthesis,
BeadChip hybridization and scanningwere performed by ATLAS BiolabsGmbH (http://www.atlasbiolabs.com). The dendrogram compares the
expression data and the correlation values and was calculated using
the Gene Expression Module of the software GenomeStudio (Illumina).
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